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ABSTRACT 


This publication presents the development and procedures for the use of 
real-time heating and cooling degree days information for States. These 
State data are determined by population weighting heating and cooling 
degree days data from major National Weather Service stations. The concept 
of a degree day index is a result of the need to monitor temperature sen- 
sitive energy consumption on a disaggregated basis. Climatological normals 
and ranges of heating and cooling degree days are calculated for each State 
and presented in tabular and graphical form to facilitate the use of opera- 
tional information. 
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Introduction 


This publication describes products which fill information needs of energy 
planners and policy makers at the State and national level in the public and 
private sectors. These products were developed by two agencies of the U.S. 
Department of Commerce, National Oceanic and Atmospheric Administration: the 
Climate Analysis Center of the National Weather Service (NWS-CAC) and the 
Climatic Impact Assessment Division of the Environmental Data and Information 
Service's Center for Environmental Assessment Services (EDIS-CEAS). The 
increasing scarcity and price of natural gas, heating oil, electricity, and 
other energy sources used for space heating makes it crucial to closely monitor 
energy requirements for space heating during the winter. 

The first product developed to aid in monitoring energy requirements was the 
weekly State heating degree day summary and forecast which was initiated by the 
CAC in the fall of 1975. Concurrently, the CEAS-Climatic Impact Assessment 
Division developed and designed the cumulative State heating degree day graphs 
and tables to provide statistical interpretation of successive heating degree 
day accumulations during the winter. In addition, for a few States, rela- 
tionships were derived to relate weekly heating degree day numbers to natural 
gas consumption in the Statel. 

The heating degree day (HHD) was developed by heating engineers in the 
1920's as a measure of energy requirements for space heating. It was 
subsequently adopted as a cumulative index of cold weather and energy require- 
ments for space heating. In the 1960's, when electrical air conditioning came 
into wide use in homes and offices, an index of warm weather was needed that 
would indicate the amount of energy consumed for air conditioning, and the 
cooling degree day (CCD) was developed?. 

The heating degree day was originally derived with the base 65°F and, for 
consistency and symmetry, the cooling degree day base was also chosen at 65°F; 
(See appendix I). There has been some investigation and discussion as to 
whether heating and cooling degree days based on 65°F are an adequate 
and accurate index of energy use for space heating and cooling with current 
improved construction and insulation standards. The base 65°F may be 
too high for heating degree days and cooling degree days. Cross-sectional com 
parisons of degree days may not directly reflect energy requirements between 
different areas due to differences in climate and construction methods. 


1 See Warren, H.E., "A Regression Model for Estimating Weekly Natural 
Gas Sendout in the State of Missouri," USDOC, NOAA, EDIS, CCEA Technical 
Note 76-9 Columbia, MO, June 1976. Also see Lehman, R.L., and H.E. 
Warren, "Residential Natural Gas Consumption: Evidence That Conservation 
Efforts Have Failed," Science, Vol. 199: 879-882, February 1978. 


2 A catalogue of information available on degree days from the National 
Climatic Center and other sources is Heating and Cooling Degree Day Data, 
U.S. Dept. of Commerce, Nat. Oceanic and Atmos. Adm., oa Data and info. 
Div., "Environmental Information Summaries C-14," National Climatic Center, 
Asheville, N.C., April 1978. 


It is important to note that station weighted State degree days are a set of 
unique values that do not necessarily correspond to the State heating and 
cooling degree days published by the NOAA/EDIS National Climatic Center. The 
latter are based on the climatic division degree days from about 7,000 stations 
across the Nation which are calculated after the CAC statistics have been 
published (1, 2). Although both the station weighted State degree days are the 
climatic division weighted State degree days are calculated through population 
weighting, the difference in the number and location of the stations makes the 
two sets significantly different in several States. Each set works equally well 
in indicating the relative energy consumption for space heating. However, the 
operational values of the station weighted state heating degree days cannot be 
compared to either the climatic division weighted State degree day normal or 
values for previous years. Unless otherwise noted in this publication, "State 
heating degree days" and "State cooling degree days" will refer to station 
weighted heating and cooling degree days; the term "degree day(s)" will be used 
for brevity3,4. 


Development and Design of the Degree Day Graphs and Tables 


The degee day graphs and tables were produced from historical normals of the 
stations used to calculate the operational State degree day values. The 204 
major weather stations selected for calculating operational State degree day 
values were chosen by the CAC on the basis of consistent and reliable reporting. 
Given this set of stations, the Climate Analysis Division of the EDIS National 
Climatic Center selected stations in and around each State and partitioned the 
State along county boundaries such that the counties would be allocated among 
the available stations with climatic similarities. The boundaries were drawn 
along county lines so that the population in the area to be associated with each 
station could easily be determined. The results of this proccedure for the 
State of Indiana are presented in figure 1; note that these areas are not the 
same as the climatic divisions of the State. As can be seen, the weight a sta- 
tion receives in the calculation of the State degree days is determined by the 
proportion of the population in the area of the State associated with the 
station. It can also be seen that stations near State borders that are climati- 
cally representative of large areas may be used in the calculations of degree 
days in adjoining States. For example, referring to figure 1, the counties in the 


3 Nall, Daniel and Edward Arens, "The Influence of Degree Day Base 
Temperature on Building Energy Prediction," National Bureau of Standards 
Washington, D.C., Presented at January 1979 ASHRAE Weather Data Symposium. 


4 For other weighting processes and additional information see Mitchell 
J.M., RE. Felch, D.E. Gilman, F.T. Quinlan, R.M. Rotty, "Variability of 
Seasonal Total Heating Fuel Demand in the U.S.," Special Task Group, USDOC, 
NOAA, Washington, D.C., September, 1973. 


Figure 1. - Indiana weather stations, associated areas, population, 
and weights for calculating station weighted State degree 
days. 
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Figure 2. - Indiana Climatic Divisions 
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northwestern corner of Indiana are climatically similar to the weather station 
at Chicago (Midway Airport). The population in those counties is 738,000. The 
total population of Indiana is 5,194,000. Thus, the weight that Chicago 
receives in the calculation of the degree days for Indiana is 


738,000 = 0.1421. 
plo, 


The station weighted State heating degree days are calculated for any 
period of time by summing products of the station weight times the degree days 
at the station for that period. Indiana degree days = (.1421 x Chicago degree 
days) + (.1351 x South Bend degree days) + (.0949 x Fort Wayne degree days ) + 
(.4823 x Indianapolis degree days) + (.0838 x Evansville degree days) + (.0198 
x Louisville degree days) + (.0420 x Cincinnati degree days). 

The algebraic formulations that are used to calculate the degree day accumu- 
lations are presented in appendix 1. The graphs and tables of cumulative State 
degree days are designed to facilitate the use of operational weather infor- 
mation by providing a depiction of the accumulated severity of tne current 
heating or cooling season. The normal State degree day accumulations are 
calculated by the same formula using the normals (1941-1970) for each of the 
stations and their associated weights. The normal heating degree day accumula- 
tion for Indiana is the middle curve presented in the graph in figure 3. ‘The 
two curves symmetrical to the central curve are the upper and lower bounds of a 
90 percent confidence interval around the curve. On any day during the year 
the accumulation of neating degree days should be contained between the two 
curves 9 years out of 10. The interval is symmetric so the cnances of being 
above the upper or below the lower curve are each 5 percent. The statistical 
formulations that are used to calculate these bounds are presented in appendix 
Ts 

In figure 3 the accumulation of heating degree days for the entire year 
(July 1 = June 30) is presented. The heating year was chosen as July 1 
through June 30 of tne following year so a single winter would be contained in 
the 12-month period. There is no significant accumulation of heating degree 
days in the United States before September 1 (day 63) or after May 31 (day 
335). Consequently, in the graphs in appendix 2, only the portion of the curve 
between September 1 and May 31 is presented. Similarly, for State cooling 
degree days only the portion of the cooling degree day accumulation curve bet- 
ween May 1 and September 30 is depicted; the cooling year coincides with the 
calendar year. In figure 3 and the graphs in appendix 2 note that the numbers 
labeling the vertical axis, i.e., 80.00, 160.00..., 720.00, are scaled down by 
a factor of 10 and thus represent 800., 1600., ..., 7200. (In States where the 
upper bound of HDD approaches 10,000 the scale factor is 100). 

In conjunction with each State's graph there is a table containing the 
numerical value of tne points plotted on the graph of the normal, the upper 
bound, and the lower bound of cumulative degree day numbers for days during the 
heating season. The table also contains the standard deviation of normal cumu- 
lative degree days during the heating season. As is explained in appendix 1, 
the standard deviation is the parameter used to calculate the upper and lower 
bounds around the tne normal. 

Table 1 corresponds to the graph in figure 3 and contains norml 
values for the entire 1978-1979 heating season from the first week in 
July 1978 to the last week in June 1979. This is designed to correspond 
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Table 1. - Indiana weekly normal accumulated heating degree days 


Days past 


June 30 


and 90% confidence interval 


Week 
ending 


7/9 

7/16 
i723 
7/30 
8/6 

8/20 
8/20 
8/27 
O73 

9/10 
9/17 
9/24 
10/1 

10/8 

10/15 
10/22 
10/29 
175 

livid 
11/19 
11726 
12/3 

12/10 
tes Ai 
12/24 
12/511 
1/7 

1/14 
1/21 
1/28 
2/4 

2/11 
2/18 
2725 
3/4 

3/11 
3/18 


Lower 
bound 
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71.46 
127.77 
206.07 
307.21 
432.71 
581.20 
750.68 
937.82 

1136.51 
1350.19 
1575.89 
1808 .57 
2043 .59 
2261561 
2518.61 
2754.64 
2991.41 
32206 (5 
3453.10 
3668.44 
3879.17 
4080.94 
4264.71 


Normal 


973.00 
1182.00 
1407 .00 
1647 .00 
1899.00 
2158.00 
2421.00 
2687 .00 
2952.00 
3216.00 
3476.00 
3731.00 
3977.00 
4212.00 
4433.00 
4683.00 
4825 .00 


Upper 


2.25 
3.00 
Dele 
748 
10.71 
14.04 
W235 
22.66 
34.83 
onrat 
76. 38 
106.66 
149.14 
210.84 
288 .54 
384.23 
501.93 
640.79 
803.29 
988.80 
1195.32 
1426. 18 
1677 49 
1943.81 
Ceeee i 
2507 43 
2798 41 
3092.39 
3385.39 
3677.36 
3960.59 
4235.25 
4500.89 
4755.56 
4986.82 
5195.06 
5385.29 


1978-79 
bound Observations St. dev. 


119 


460 


1115 


3704 


4886 


Table 1. — (continued) 


Days past 


June 30 


261 
268 
215 
282 
289 
296 
303 
310 
Sally 
324 
331 
338 
345 
S52 
529 
365 


Week 
ending 


3/18 
3/25 
4/1 

4/8 

4/15 
4/22 
4/29 
5/6 

5/13 
5/20 
5/27 
6/3 

6/10 
6/17 
6/24 
6/30 


Lower 
bound 


4264.71 
4428 .48 
4569.10 
4687 .88 
4784.65 
4864.42 
4930.21 
4989.03 
5038.52 
5076 .00 
5104.52 
5122.44 
5129.55 
5130.68 
5129.81 
5129.06 


Normal 


4825 .00 
4992.00 
5136.00 
5259.00 
5360.00 
5444.00 
5514.00 
5573.00 
5622.00 
5659.00 
5687 .00 
5705.00 
5713.00 
5715.00 
5715.00 
5715.00 


Upper 


bound Observations St. dev. 


5385.29 
5595 .De 
5702.90 
5830.11 
5935.34 
6023.57 
6097 .79 
6156.97 
6205.48 
6241.97 
6269.48 
6287 .56 
6296.45 
6299.31 
6300. 18 
6300.94 


1978-79 


5530 


5972 


6189 


341.64 
343.61 
345.67 
348.24 
350.82 
353.40 
$55.01 
356.08 
355.78 
355.47 
355.17 
S55eee 
355.76 
356.29 
356.82 
357.28 


to the weekly heating degree day summaries and outlooks produced 

by NWS. The additional column contains degree day accumulations 
during 1978-79 for selected weeks throughout the season. These 

values are plotted in figure 3 as the dashed line. The heating degree 
day accumulation nearly reached the upper bound in February and March 
1979, then fell later in the season. The tables accompanying the 
heating and cooling degree day graphs in appendix 2 are truncated in 
the same manner as the graphs and contain the normal accumulation for 
the main part of the season. 

The geographic pattern of annual degree days for stations and the 
pattern of annual State degree days, derived from weighting station data 
across the contiguous United States, may be determined from inspection of 
figures 4 and 5 for heating degree days and figures 6 and 7 for cooling 
degree days. Table 2 contains an alphabetical list by States of the sta- 
tions used in the calculation of the State degree days and their norml 
annual heating and cooling degree days. Table 3 contains an alphabetical 
list of the States and the normal annual station weighted heating and 
cooling degree days. 
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State 


Alabama 
Alabama 
Alabama 
Arkansas 
Arkansas 
Arizona 
Arizona 
Arizona 
Arizona 
Arizona 
Arizona 
California 
California 
California 
California 
California 
California 
California 
California 
California 
California 
California 
Colorado 
Colorado 
Colorado 
Colorado 


Connecticut 
Connecticut 


Delaware 
Delaware 
Florida 
Florida 
Florida 
Florida 
Florida 
Florida 
Florida 
Florida 
Florida 
Florida 
Florida 
Florida 
Georgia 
Georgia 
Georgia 
Georgia 
Georgia 


Name 


Birmingham 
Mobile 
Montgomery 
Fort Smith 
Little Rock 
Flagstaff 
Phoenix 
Tucson 
Winslow 

Yuma 

Las Vegas, NV 
Yuma 
Bakersfield 
Eureka 

Fresno 

Los Angeles 
Red Bluff 

San Diego 

San Francisco 
Stockton 

Las Vegas, NV 
Reno, NV 
Denver 

Grand Junction 
Pueblo 
Goodland, KS 
Bridgeport 
Hartford 
Wilmington 
Atlantic City, NJ 
Mobile, AL 
Apalachicola 
Daytona Beach 
Ft. Myers 
Jacksonville 
Key West 
Lakeland 
Miami 

Orlando 
Tallahassee 
Tampa 

West Palm Beach 
Tallahassee, FL 
Atlanta 
Augusta 

Macon 
Savannah 


Heating 


(July—June) 


2844 
1684 
2269 
3336 
3354 
7322 
1552 
1752 
4733 
1005 
2601 
1005 
2185 
4679 
2650 
1817 
2688 
1507 
3042 
2806 
2601 
6022 
6016 
5605 
5394 
6119 
5461 
6350 
4940 
4946 
1684 


Table 2. - Stationannual normal (1941-1970) accumulated degree days 


Cooling 


(Jan.-—Dec. ) 


1933 
2511 
2238 
2022 
1925 
140 
3512 
2822 
1203 
4195 
2962 
4195 
2179 
0 
1671 
621 
1904 
to 
120 
1259 
2962 
33) 
624 
1140 
994 
925 
135 
584 
992 
864 
ZT, 
2663 
eo \0 
3711 
2603 
4888 
3298 
4038 
3226 
2564 
3366 
3786 
2564 
1581 
1996 
2297 
2321 


State 


Iowa 

Iowa 

Iowa 

Iowa 

Iowa 
Idaho 
Idaho 
Idaho 
Idaho 
Tiiinois 
Illinois 
Illinois 
ililinors 
Illinois 
Illinois 
ELlanors 
Illinois 
Indiana 
Indiana 
Indiana 
Indiana 
Indiana 
Indiana 
Indiana 
Kansas 
Kansas 
Kansas 
Kansas 
Kansas 
Kentucky 
Kentucky 
Kentucky 
Kentucky 
Louisiana 
Louisiana 
Louisiana 
Louisiana 
Louisiana 


Massachusetts 
Massachusetts 


Maryland 
Maryland 
Maryland 
Maryland 
Maryland 
Maryland 
Maine 

Maine 

Michigan 
Michigan 
Michigan 
Michigan 


Name 


Burlington 

Des Moines 
Dubuque 

Sioux City 
Omaha, NE 
Boise 

Lewiston 
Pocatello 
Missoula, MT 
Cairo 

Chicago 

Moline 

Peoria 
Rockford 
Springfield 
Evansville, IN 
Burlington, IA 
Chicago, IL 
Evansville 

Ft. Wayne 
Indianapolis 
South Bend 
Louisville, KY 
Cincinnati, OH 
Concordia 
Dodge City 
Goodland 
Topeka 

Wichita 

Cairo, IL 
Evansville, IN 
Lexington 
Louisville 
Baton Rouge 
Lake Charles 
New Orleans 
Shreveport 
Jackson, MS 
Boston 

Albany, NY 
Wilmington, DE 
Baltimore 
Harrisburg, PA 
Pittsburgh, PA 
Norfolk, VA 
Washington, DC 
Caribou 
Portland 
Alpena 

Detroit 

Flint 

Grand Rapids 


Heating 


( July-June) 


6149 
6710 
TERT 
6953 
6049 
5833 
54 6y 
7063 
7931 
3833 
6127 
6395 
6098 
6851 
5558 
4624 
6149 
6127 
4624 
6209 
5577 
6464 
4640 
5070 
5623 
5046 
6119 
5243 
4687 
3833 
4624 
4729 
4640 
1670 
1498 
1465 
2167 
2300 
5621 
6894 
4940 
4729 
522) 
5937 
3488 
411 
9632 
7498 
8518 
61126 
7041 
6801 


Cooling 


(Jan.—Dec. ) 


994 
928 
613 
932 
1173 
714 
657 
446 
188 
1806 
925 
893 
968 
714 
1116 
Asia 
994 
925 
l3ai2 
748 
974 
695 
1278 
1080 
1302 
1411 
925 
1371 
1675 
1806 
1372 
1207 
1278 
2584 
2742 
2704 
2538 
2327 
661 
574 
992 
1108 
1025 
647 
1454 
1415 
128 
252 
20h 
654 
446 
582 


is, 
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State Name Heating Cooling 
(July~June) (Jan.-Dec. ) 
Michigan Houghton Lake 8347 250 
Michigan Lansing 6906 542 
Michigan Marquette 8351 216 
Michigan Muskegon 6890 M77 
Michigan Sault Ste. Marie 9193 139 
Minnesota Duluth 9756 176 
Minnesota International Falls 10547 176 
Minnesota Minneapolis 8159 590 
Minnesota Rochester 8227 N72 
Minnesota St. Cloud 8868 426 
Minnesota Fargo, ND 9271 473 
Minnesota Sioux Falls, SD 7838 728 
Missouri Cairo, IL 3833 1806 
Missouri Columbia 5078 1280 
Missouri Kansas City SE ey 1285 
Missouri Ste Lours 4750 1485 
Missouri Springfield 4573 1384 
Mississippi Mobile, AL 1684 2OTT. 
Mississippi Jackson 2300 2327 
Mississippi Meridian 2388 2231 
Mississippi Memphis, TN 3227 2029 
Montana Billings 7265 498 
Montana Glasgow 8969 438 
Montana Great Falls 7652 341 
Montana Havre 8687 395 
Montana Helena 8190 256 
Montana Kalispell 8554 Tag 
Montana Miles City 7889 7152 
Montana Missoula 7931 188 
Montana Grand Island 6422 1036 
Nebraska Lincoln 6218 1148 
Nebraska Norfolk 6983 925 
Nebraska North Platte 6743 806 
Nebraska Omaha 6049 1173 
Nebraska Valentine 7300 739 
North Carolina Asheville 4237 872 
North Carolina Cape Hatteras 2731 1550 
North Carolina Charlotte 3218 1601 
North Carolina Greensboro 3825 1352 
North Carolina Raleigh 3514 1402 
North Carolina Wilmington 2433 1964 
North Dakota Bismarck 9044 487 
North Dakota Fargo 9271 473 
North Dakota Williston 9161 422 
New Hampshire Concord 7360 349 
New Hampshire Burlington, VT 7876 396 
New Jersey Atlantic City 4946 864 
New Jersey Trenton 4Q47 968 
New Jersey New York City, NY 4909 1048 
New Jersey Allentown, PA 5827 Whe 
New Jersey Philadelphia, PA 4865 1104 


State 


New Mexico 
New Mexico 
New Mexico 
New Mexico 
New Mexico 
Nevada 
Nevada 
Nevada 
Nevada 

New York 

New York 

New York 

New York 

New York 

New York 

New York 
Ohio 

Ohio 

Ohio 

Ohio 

Ohio 

Ohio 

Ohio 

Ohio 
Oklahoma 
Oklanoma 
Oklahoma 
Oklanoma 
Oklahoma 
Oregon 
Oregon 
Oregon 
Oregon 
Oregon 
Oregon 
Oregon 
Pennsylvania 
Pennsylvania 
Pennsylvania 
Pennsylvania 
Pennsylvnia 
Rhode Island 
South Carolina 
South Carolina 
South Carolina 
South Carolina 
South Carolina 
South Dakota 
South Dakota 
South Dakota 
South Dakota 
South Dakota 


Name 


Winslow, AZ 
Alburquerque 
Roswell 
Amarillo, TX 
El Paso, TX 
Ly 

Las Vegas 

Reno 
Winnemucca 
Albany 
Binghamton 
Buffalo 

New York City 
Rochester 
Syracuse 
Burlington, VT 
Akron 
Cleveland 
Columbus 
Cincinnati 
Dayton 

Toledo 
Youngstown 
Parkersburg, WV 
Fort Omith,. AK 
Dodge City, KS 
Oklanoma City 
Tulsa 

Wichita Falls, TX 
Boise, ID 
Astoria 

Burns 

Medford 
Pendleton 

Port land 

Salem 
Allentown 
Harrisburg 
Philadelphia 
Pittsburgh 


Wilkes-Barre Scranton 


Providence 
Charlotte, NC 
Wilmington, NC 
Charleston 
Columbia 


Greenville-Sprtnbg. 


Valentine, NE 
Aberdeen 
Huron 

Rapid City 
Sioux Falls 


Heating 
(July—June) 


4733 
4292 
3697 
4183 
2678 
7814 
2601 
6022 
6629 
6894 
7285 
6924 
4909 
6720 
6682 
7876 
6234 
6160 
5702 
5070 
5641 
6386 
6429 
4817 
3336 
5046 
3695 
3680 
2904 
5833 
5295 
eke 
49 30 
5240 
4792 
4852 
5827 
5224 
4865 
5937 
6283 
5972 
3218 
2433 
2146 
2598 
3163 
7300 
86 17 
8055 
7324 
7838 


Cooling 
(Jan.—Dec. ) 


1203 
1316 
1560 
1433 
2098 
207 
2962 
331 
406 
574 
369 
437 
1048 
531 
ae, 
396 
634 
613 
809 
1080 
936 
685 
518 
1045 
2022 
1411 
1876 
1949 
2611 
714 
14 
295 
562 
656 
300 
243 
ide 
1025 
1104 
647 
608 
532 
1601 
1964 
2084 
2089 
1577 
739 
566 
711 
661 
728 


iy 
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State 


Tennessee 
Tennessee 
Tennessee 
Tennessee 
Texas 
Texas 
Texas 
Texas 
Texas 
Texas 
Texas 
Texas 
Texas 
Texas 
Texas 
Texas 
Texas 
Texas 
Texas 
Texas 
Texas 
Texas 
Texas 

Utah 

Utah 

Utah 

Utah 

Utah 
Virginia 
Virginia 
Virginia 
Virginia 
Virginia 
Vermont 
Vermont 
Washington 
Wasnington 
Washington 
Washington 
Washington 
Wisconsin 
Wisconsin 
Wisconsin 
Wisconsin 
Wisconsin 
Wisconsin 
West Virginia 
West Virginia 
West Virginia 
West Virginia 


Name 


Chattanooga 
Knoxville 
Memphis 
Nashville 
Shreveport, LA 
Abilene 
Amarillo 
Austin 
Brownsville 
Corpus Christi 
Del Rio 

El Paso 

Forth Worth 
Galveston 
Houston 
Lubbock 
Midland 


Port Arthur=Beaumont 


San Angelo 
San Antonio 
Victoria 

Waco 

Wichita Falls 


Grand Junction, CO 


Pocatello, ID 
Ely, NV 

Las Vegas, NV 
Salt Lake City 
Lynchburg 
Norfolk 
Richmond 
Roanoke 
Washington, D.C. 
Coneord, NH 
Burlington 
Lewiston, ID 
Quillayute 
Spokane 

Walla Walla 
Yakima 
Houghton Lake, MI 
Duluth, MN 
Green Bay 
LaCrosse 
Madison 

Mi lwaukee 
Harrisburg, PA 
Beckley 
Charleston 
Huntington 


Heating 
( July—June) 
3505 
3478 
3227 
3696 
PICT 
2610 
4183 
137 
652 
930 
1523 
2678 
2382 
1224 
1434 
3545 
2621 
1518 
2240 
1570 
1227 
2058 
2904 
5605 
7063 
7814 
2601 
5983 
4233 
3488 
3939 
4307 
4211 
7360 
7876 
5464 
5951 
6835 
4835 
6009 
8347 
9756 
8098 
7419 
7730 
THY 
522h 
5615 
4590 
4624 


Cooling 
(Jan.-Dec. ) 
1642 
1568 
2029 
1697 
2538 
2466 
1433 
2921 
3874 
3474 
3364 
2098 
2587 
3007 
2887 
1647 
2250 
2792 
21702 
3006 
3140 
2863 
2611 
1140 
HG 
207 
2962 
927 
1100 
1454 
1366 
1030 
1415 
394 
396 
657 


State 


West Virginia 
wyoming 
Wyoming 
wyoming 
Wyoming 
Wyoming 


Name 


Parkersburg 
Rapid City, SD 
Casper 
Cheyenne 
Lander 
Sheridan 


Heating 
(July-June) 


4817 
7324 
ieee) 
1255 
7868 
7708 


Cooling 
(Jan.—Dec. ) 


1045 
661 
458 
Bor 
383 
YG 
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Table 3. - State annual normal degree days 


HDD ODD 

STATE NORMAL NORMAL 
abama 

Arizona 1900 3755 
Arkansas 3349 1950 
California 2301 724 
Colorado 5850 756 
Connecticut 6031 638 
Delaware 4941 954 
Florida 715 3382 
Georgia 2540 1989 
Idaho 6216 602 
Illinois 5974 989 
Indiana 5715 952 
Towa 6852 842 
Kansas 5099 1464 
Kentucky 4639 1283 
Louisiana 1686 2632 
Maine 7878 230 
Maryland 4578 1199 
Massachusetts 5663 658 
Michigan 6761 573 
Minnesota 8519 500 
Mississippi QUT Feded 
Missouri 4876 1415 
Montana 7996 343 
Nebraska 6348 1017 
Nevada 4128 1882 


New Hampshire 7393 352 


Table 3 continued 


STATE 

New Jersey 
New Mexico 
New York 
North Carolina 
North Dakota 
Ohio 

Oklahoma 
Oregon 
Pennsylvania 
Rhode Island 
South Carolina 
South Dakota 
Tennessee 
Texas 

Utah 

Vermont 
Virginia 
Washington 
West Virginia 
Wisconsin 


Wyoming 


HDD 
NORMAL 


4939 
4O43 
5659 
3337 
9187 
5872 
3535 
4974 
5571 
D9 2 
2734 
7896 
3468 
1987 
6169 
7786 
3972 
5430 
4966 
7778 
7606 


CDD 
NORMAL 


1026 
1445 
842 
1458 
458 
(6 
2031 
324 
832 
532 
1867 
683 
1747 
2720 
853 
388 
1310 
253 
920 
47 
411 
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Operational Use of the Graphs and Tables 


One important use for the State graphs and tables is tracking current 
degree day values through the heating or cooling season. This can be 
accomplished by using current reports on State degree day values produced by 
the NWS-CAC and the EDIS-CEAS. The CAC produces a weekly summary of degree 
days which includes a table and map of the weekly and cumulative values for 
the current and the previous years. Normal degree days for the contiguous 
United States are also included. The table and map are reproduced in table 4 
and figure 8. For heating degree days these are produced during the heating 
season starting about the third week in October and continuing through the 
last week in April. During the cooling season (the first week of June through 
the last week in September) they are produced for cooling degree days. 

In addition, the NWS-CAC produces a weekly summary and outlook of heating 
degree days from about the first week in November through the last week in 
April. This information is transmitted through the NWS RAWARC (Radar Reports 
and Warning Coordination) network to National Weather Service offices 
throughout the country. This procedure makes the State heating degree day 
information accessible in real time to any location in the country. At the 
present time this weekly summary and forecast is routinely relayed by the 
forecast offices in many States to State officials and others. A copy of a 
weekly summary and outlook is reproduced in table 5. As can be seen, the 
weekly and seasonal summary of heating degree days is the same as in the NWS 
summary. The additional columns contain information on the coming week. 

On Monday mornings, the weekly summary information is compiled through Sunday. 
The summary and forecast are compiled on Wednesday mornings. The forecast for 
the week combines observed data for Monday and Tuesday and a forecast for the 

period Wednesday through Sunday. 

In Figure 9 the use of the graph in conjunction with the weekly summary and 
forecast is illustrated in table 5, 4106 (col. 4). The initial value for 
Indiana is day 164 because February 11 is 164 days from August 31, 1978. The 
normal accumulation, 3731 (col. 5) is the center line. The forecast for the 
week ending February 18 is 295 (col. 7). The expected accumulation at the end 
of the week is the sum, 4106 + 295 = 4401. This is plotted at day 171, 
February 18. The observed number of degree days for the week was 332, giving a 
seasonal accumulation of 4438. This is also plotted at day 171. The normal 
amount accumulated in the week ending February 18 is 246 (col. 8). As can be 
seen on the graph and in the table, these accumulations are close to the upper 
bound of the confidence interval. 

Another, more comprehensive, published product can be employed opera- 
tionally with the graphs to analyze current projected degree day accumulations. 
This publication is the Environmental/Resource Assessment and Information - 
Energy/Climate Section (E/ RAI-ECS), a weekly publication of the CEAS (3). 

Each week it contains a summary of State, regional and national station popula- 
tion weighted degree days. A sample of this information is reproduced in table 
5. In conjunction with the table, the publication contains maps depicting the 
State and regional degree day values, a written weather analysis describing 
temperature changes over the period in terms of changing synoptic patterns, and 
a qualitative assessment of the effects of temperature anomalies on temperature 
related energy consumption. 
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Figure 8. 


25 
- Weekly summary of heating degree day departures 


a HEATING DEGREE-DAYS FOR THE WEEK 
af 7 CENT DEPARTURE FROM NORMAL (1941-1979) 


CLT I 


FEB SFEBIIIG79 4 


4 
Wize 


DEPT. OF COMMERCE NOAA 
: 14 ED 


. a Sf : 
FEB111979 eX oe | sf 


DEPT. OF COMMERCE NOAA AP 
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Figure 8 continued - Weekly summary of heating degree day departures 


HEATING DEGREE-DAYS ACCUMULATED FROM JULY 1, 
Epitome oo PERCENT bePanTonE FROM 1977-1978 


FEB 111979 


DEPT. OF COMMERCE NOAA 
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The first week issue of each montn contains information on projected accu- 
mulations of degree days for the coming month, for three months and tne pro- 
jected degree day accumulation for tne season for the States. These degree 
day outlooks are derived from the 30-day (fig. 10), 90-day seasonal, and 
90-day experimental (fig. 11) temperature outlooks of the NWS-CAC using an 
algorithm presented in appendix 1 (4). Examples of the outlook are presented 
in tables 6 and 7. 

The use of these outlooks in conjunction with the grapn is similar to tne 
use of the weekly projection. This is illustrated in figure 12. From table 
6, the initial value, 2029, of the acccumulated degree days from July 1 
through December 31, 1978 is in the first row. This amount is plotted on the 
graph in figure 12 at day 122 because December 31 is 122 days past August 31. 
This is below the normal amount as shown in the graph and also in column 3 of 
figure 12. The percentile of the accumulations is 30.55 (normal is 50). The 
expected accumulation of heating degree days in January is computed from the 
outlook for average temperature in figure 10 as shown in table 6. The 
expected accumulation at the end of January is the sum, 2029 + 1170 = 3199. 
Based on the uncertainty of the temperature outlook, the upper and lower 
bounds of a confidence interval on the outlook are calculated and given in row 
5, table 6 -- the lower bound is 876 and the upper 1463. Using these values 
the bounds on the expected accumulation at the end of January are 2905 and 
3492. These bounds are plotted at day 153 and bracket tne expected amount, 
3199. As can be seen on the graph, the forecast amount for January was near 
the upper bound of tne confidence interval; the expected amount and the total 
accumulation were above the normal line. (The other rows in table 6 contain a 
comparison of the current totals to last year and a seasonal projection based 
on tne one month outlook and climatology.) This projection is not plotted on 
the graph of figure 8 but would be very close to the normal line. 

Table 7 contains tne heating degree day projection based on the 
Experimental 90-day outlook for average temperatures in figure 11. Table 7 
gives the same initial value at the end of December, 2029. In line 4 the 
outlook for January through March is 3020, in line 5 the lower bound is 2564 
and tne upper 3442. When added to the initial value these values give an 
expected accumulation at the end of March of a near normal amount of 5049; a 
lower bound on the expectation is 4593 and an upper bound 5471. These three 
values are plotted at day 212 or March 31, which is 212 days past August 31. 
The observed heating degree days for January through March were 3475, just 
beyond the upper bound of the confidence interval. This brought tne seasonal 
accumulation tnrough March to 5505 which is well above normal. 

Row 7 of table 7 contains tne projected heating degree day total for tne 
season (July-June) (5634). This is calculated using the observed data from 
July - December (2029), the projected amount for January - March (3020), and 
the climatological normal amount for April - June (585). Because the seasonal 
projection is based on two projections, the confidence interval has an 
approximate value of 80 percent between the lower bound 5006 and the upper 
bound 6228. These values are plotted at day 273, May 31, at the end of the 
graph. Thus, the degree day accumulation for the season was expected to be 
Slightly less than normal. The actual accumulation observed was 5994. As 
shown on the graph this amount is above normal but within the range of the 
confidence interval around the projected amount. This exercise demonstrated 
the use of the tables and graphs in conjunction with operational products and 
the potential range of the forecast variability. 
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These weekly, montnly, three-monthly, and seasonal outlooks can be used to 
estimate heating fuel needs from the degree day ratios. They can be used to 
produce more accurate estimates of energy consumption using an estimated con- 
sumption relation derived from past data. Using data on regional natural gas 
consumption, a relation was developed to estimate current consumption and pro- 
ject consumption in the coming periods on tne basis of the heating degree day 
outlooks. The natural gas summaries and outlooks corresponding to the degree 
day summaries and outlooks are reproduced in tables 8 and 9. These are 
published monthly in the E/RAI-ECS with the degree summary and outlooks. It is 
also possible to develop State weekly models of natural gas or other energy 
consumption that can be used on a snorter time and space scale than a monthly 
or quarterly basis. As a demonstration, one sucn model developed by CEAS is 
illustrated in figure 13. On this grapn, weekly total natural gas sendout for 
Missouri is plotted on tne vertical and weekly station weighted state heating 
degree days on the horizontal for weeks in 1973 and 1974. Assuming tne rela- 
tion is valid, current Missouri weekly degree day totals can be used to esti- 
mate the current weekly sendout of natural gas. 


Other Uses of the Graphs and Tables 


Although the graphs and tables are designed for operational use, they have 
potential use in contingency planning and simulation. Data on energy and eco- 
nomic variables are collected by political sub-divisions i.e., station regions. 
Station weighted State degree days provide a good index of weatner sensitive 
energy consumption. 

The confidence interval bounds provide good estimates of the range of 
variability of tne accumulated degree days at any point in a season. The stan- 
dard deviation can be used in determining the probability of occurrence of 
other degree day amounts througn standard statistical calculations. 
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Table 8. - Summary and outlook for natural gas demand by residential 
and commercial customers by division one month outlook 
trillions of BIU) 


Season: September 1978 - May 1979 
NOAA~EDIS-Center for Environment Assessment Services 


1. EST CONSUMPTION TO 2550.32 T1270 310.49 828 .07 
DATE: (12/31/78) 

2. EST CONSUMPTION TO 2501.09 66.15 318.03 850.55 
DATE L YR: (12/31/77) 

2. bEST CONS TO DATE/ 1.02 1.09 0.98 0.97 
EST CONS TO DATE L YR 

4, PREDICTED DEMAND FOR 1153.03 30.37 141.30 373.55 
PERIOD 1/79 

5. 90% CONF INTERVAL 926.40 25.56 a4 306.28 
FOR PREDICTION i feer 35.57 170.02 440,81 

6. EST CONS FOR 1277.15 S1.74 156.40 426.72 
PERIOD 1/78 

7. PRED CONS/ 0.90 0.96 0.90 0.88 
EST CONS LAST YR 

8. LOWER BOUND/ 0.73 0.81 0.73 0.72 
EST CONS LAST YR 
UPPER BOUND/ 1.08 ie 1.09 1,03 
EST CONS LAST YR 

9. PRED CONSUMPTION 6479.17 182.48 811.38 2120.54 
FOR SEASON 1978-1979 

10. 80% CONF INTERVAL 5950.20 170.63 749.31 §=1969.45 
FOR SEASON 7005.76 1904.72 875.58 2271.64 

11. EST CONSUMPTION 6727 45 181.49 870.53.» 2306.37 
FOR SEASON 1977-1978 

12. SEASON PRED CONS/ 0.96 1.01 0.93 0.92 
EST CONS LAST YR 

13. LOWER BOUND/ 0.88 0.94 0.86 0.85 
EST CONS LAST YR 
UPPER BOUND/ 1.04 1.07 1.01 0.98 


EST CONS LAST YR 


NEN — New sngland, MAT - Mid Atlanta, ENC - East North Central 


Other divisions not shown due to space limitations; West North 
Central, South Atlanta, East South Central, Mountain, Pacific 


Table 9. — Summary and outlook for natural gas demand by residential 
and commercial customers by division three month outlook 


Season: 


(trillions of BTU) 


September 1978 = May 1979 


NOAA-EDIS-CENTER FOR ENVIRONMENTAL ASSESSMENT SERVICES 


1. EST OONSUMPTION TO 29505 32 T1e18 310.49 828 .07 
DATE: (12/31/78) 
2. EST OONSUMPTION TO 2501.09 66.15 31603 850.55 
DATE LG YRs (42/31/77) 
3. EST OONS TO DATE/ 1,02 1.09 0.98 0.97 
EST CONS TO DATE L YR 
4, PREDICTED DEMAND FOR 3031.42 83.68 388.64 1001.00 
PERIOD 1/79-3/79 
5. 90% CONF INTERVAL 2668.78 76.85 350520 901.21 
FOR PREDICTION S345 90.51 427.08 1093.41 
6. EST CONS FOR 3305.65 87.88 429.28 1143.63 
PERIOD 1/78-3/78 
7. PRED CONS/ 0.92 0.95 0.91 0.88 
EST CONS LAST YR 
8. LOWER BOUND/ 0.81 0.87 0.82 0.79 
EST CONS LAST YR 
UPPER BOUND/ 1.02 1,03 0.99 0.96 
EST CONS LAST YR 
9. PRED CONSUMPTION 6510.91 183.20 815.36 2134.38 
FOR SEASON 1978-1979 
10. 80% CONF INTERVAL 6010.02 1i2.6/ 159820 1990.30 
FOR SEASON 6992.50 193.74 871.46 2271.08 
11. EST CONSUMPTION 6727 45 181.49 670.53 © 2306.37 
FOR SEASON 1977-1978 
12. SEASON PRED CONS/ 0.97 1201 0.94 0.93 
EST CONS LAST YR 
13. LOWER BOUND/ 0.89 0.95 0.87 0.86 
EST CONS LAST YR 
UPPER BOUND/ 1.04 1.07 1.00 0.98 
EST CONS LAST YR 
NEN - New England, MAT - Mid Atlanta, ENC - East North Central 


Other divisions not shown due to space limitations; West North 
Central, South Atlanta, East South Central, Mountain, Pacific 
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1973-May 1974 & Sept. 


Figure 13. - Missouri weekly natural gas sendout and heatin 
days, (Sept. 
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Appendix 1 - Formulas and Derivations 


As is explained in the text, both heating and cooling degree days are 
calculatd as the difference between daily average temperature, T in Bite and 
the base 65°F. Daily average temperature is calculated for the maximum and 
minimum temperatures in the day at each station. 


Tmax + Tmin 


2 


where 


Tmax - station maximum temperature in the day 
Tmin - station minimum temperature in the day 
T = station average temperature in the day (°F 


CF), 
CF), 
ie 


Define 
h = station heating degree days for the day 
ec = station cooling degree days for the day 


If T <65°, then 

h = 65° -T 
e=0 
If T >65°, then 


0 
05” 


QOD 
wooo 


If T = 65°, then 
0 


0 


oO 
oo 


For a State the number of degree days in a day is the population 
weighted sum of the degree days at the stations in and around the State. 


n 

Bee wh, (1) 
=1 
n 

C= ib W5Cs (2) 
i=l 


h. = heating degree days at station i, 


c; = cooling degree days at station i, 


population weight of station i, 


= 
H 
iT] 


oy 
Wt 


heating degree days for State s, 
Cg = cooling degree days for State s, 


number of stations used. 


(a 


Cumulative degree days are the sum of degree days from the start of the 
season. 


oe Sj? hej is h, for jth day of season (3) 


k 
Cita? DaGlo2 cs 1S Co for jth day of season, (4) 


where 
H, = cumulative State heating degree days to day k, 
Cy = cumulative State ccooling degree days to day k. 


Normal cumulative State degree days are obtained by using the daily station 
normal values in equations (1) and (2) and then summing over the days in the 
period using equation (3) and (4). The period used for calculating normal 
values is 1941-1970. 

Let 


H uk = normal cumulative State heating degree days to day k, 
C4. = normal cumulative State cooling degree days to day k. 


The values of the normal cumulative degree days are presented in the tables 
for 10-day intervals and plotted in the graphs as the central curve. 

The value of the upper and lower bounds of the 90 percent confidence 
interval around the normal cumulative degree days are determined by assuming 
that the distribution of the accumulated degree days on any day has a normal 
distribution. The mean and standard deviation of the accumulated degree 
days are estimated and the confidence interval established. 

Cumulative degree days have been found to be normally distributed. The 
standard deviation of cumulative heating degree days (H, or C;) at day k is 
estimated by 


2 1 
hk |. y-l 


4] 
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number of years in the data set, 

day of season through which the degree days have been 

_ accumulated, 

H, = mean of the data series of heating degree days from July 1 to 


n< 


Data on State degree days have been compiled on a monthly basis by the 
National Climatic Center back to 1931 (1, 2). The most current year used was 
1977 so y = 45. Using this data tne standard deviations are estimated for 
tne accumulated degree day at the end of each montn, i.e., Shr for k = 31 
(end of July), 62 (end of August), 92 (end of September), ..., 365 (end of 
June). The intermediate value of accumulations standard deviations were 
interpolated from the montnly accumulated values. 

The standard deviation of cooling degree days is defined the same as 
heating degree days and the values were estimated in the same way over the 
same years. 


where 


years in tne data set = 46, 

days in the accumulation (accumulations by month 

are k = 31, January; k = 59, February; k = 90, March; .«.3 

k = 365, December; for other values of k, Shk was determined 
by interpolation), 


an s< 
mou 


ae mean of tne data series of cooling degree days from January 1 


to day k or oe = 


Having calculated the necessary parameter to determine the bounds of a con- 
fidence interval we find from a table of the riormal distribution that a 90% 
confidence interval has bounds of 1.645 standard deviation around the mean. 
In order to be consistent with the NWS data, H,,, normal heating degree 
days (1941-1970) were chosen as the center of the interval rather than Hx, 
the mean of all years in the data set. The bounds at day k are the following: 


for heating degree days, 
upper bound, U,, = Hy, + 1.645 Si, 


lower bound, L,, = Hy, - 1-645 Si:; 


for cooling degree days, 
upper bound, Uc, = Cy, + 1-645 Sox, 


lower bound, L., = Cy, - 1.645 So43. 


Degree days are defined only as positive numbers; if the values of Ly, or L., 
early in the season are less than zero they are set equal to zero. 
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Appendix 2 - Graphs and Tables of State Heating and Cooling Degree vays 
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